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Models of a.irplanes are now widely used in wind tunnels 
to obtain results from w::ich the performance and stability of 
the full scale airplanes are predicted. The wind tunnel model, 
however, does not have complete mechanical similarity to the 
full scale airplane. Part of the dissimilarity is due to the 
difference between the stationary model in the artificial wind 
stream of the tunnel and the moving airplane in still air, in 
that the former system can be brought into equilibrium by the 
application of forces and moments external to the model wind 
system while the latter system can not. As a consequence, the 
wind tunnel model may have any weight or centroid location con- 
sistent with the capacity of the wind tunnel balance to bring 
it into equilibrium at the desired attitudes to the wind. 
Therefore the only similarity required between the full scale 
airplane and the m.odcl is geometric similarity or similarity 
of external form. 

Further, departures -re made from exact geometric simili- 
tude in those models which are to be tested in atmospheric tun- 
nels, for the purpose of obtaining empirically the equivalent 
of dynamic similitude and thu.i of escaping the experimental dif- 
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f lenities of scr.lc effects. "vVliile it may be ehovm that exact 
a^rnaraic siiriil itud.e is obtai:ied, ar.d that the difficulties theo- 
retically disappear, if the rKodcl Vl/u ia the same as tlicit of 
the full scale airplane, mahins the prediction of full flight 
perfoniance from tests on geometrically similar models scientif- 
ically exact, the practical difficulties of constructing siich 
models and testing them at such high values of VI /u are great. 
Actually, predictions which are sufficiently precise for engi- 
neering purposes, cm be irade on tests run on models, geomet- 
rically similar to full scale, at values of Vl/p much below 
the full flight value and almost within the upper limit of the 
larger and ir.ore powerful atmospheric tunnels now in use. How- 
ever, for further reductions of the Vl/;? of the model test, 
prediction becomes increasingly bad due to scale effects until 
at the mcdexatc spesds of the largor xunnsls only stalling 
speeds and stability can be safely predicted from geometrically 
similar models. Rather than to strive toward the higher values 
of Vl/u for the purpose of escaping scale effects, it is much 
more practical and economical for atmospheric tunnels to use a 
considerably lower value of VI /u and to depart from geometric 
similitude in such a ray as to evade the scale effects of some 
parts and to cause the scale effects of others to be c?nceled 
by the aerodynamic effects of the departure. In this artificial 
7;ay the equivalent of dynamical similitude is secured with the 
result that data, practically free of scale effects, are obtained 
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on simplified nodels tcst?.d at nodcrnt c air s-oocds and at atmos- 
pheric pressure. The successful and economical prediction of 
full scale airplc.ne performance from atmospheric tunnel tests 
rests upon the fact that this can be done for a v;ide range of 
types and over a wide ranc^e of VI ratios betv/een model test 
and full flight. 

Airplane models for tests in atmospheric wind tunnels are 
therefore made ?:ith two ends in vie^v. The first is to provide 
a modified model whose wind tunnel forces and moments are prac- 
tically free of scale effects; that is, whose forces can be con- 
verted to full scale according to the squares of the linear scale 
and air speed and moments according to the cube of the linear 
scale and the square of the air speed. The second end in view 
is, since exact geometric similitude is to be departed from, to 
provide a model as sim.pl e as possible for reasons of accuracy 
and econor.y in both testing and constructing. For these two rea- 
sons one omits from^ the model all minor parts of the full scale 
airplane, such as struts, wires, fittings, control horns and 
other parts, whose scale corrections are large. The resistance 
and moments of these omitted parts can be computed from tests 
made on them separately at approximately full flight Yl /v and 
added, since the presence of such parts on the airplane adds only 
their own resistances as separately det en:iined. On the other 
hand, one includes in the model all those parts of the full scale 
design where presence causes mutual interference between them- 
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selves and other parts of the ncdel c..pd therefore adds forces 
and moments which arc diffbient f ron tboso measv.ied on the parts 
separately. Beside;-] the princiuple 'o-^^its rf ' --^".-•ne, the 

win^G, oody, tail group, ai:.d landing g-car, sacn par^s are engine 
cylinders, vjindchields or guns on fuselages, radiators between 
the ^-'^ings and nacelles or cockpits on the win^s.. 

By omitting the minor parts of the airplane in the wind tun- 
nel model rnd adding to the forces cand moments of the model 
those of these omitted parts measured full scale and properly re- 
duced, the scale effects of such r)arts disappear from the model 
data. There remain, however, the scale corrections on the major 
parts of the airplane which arc known to be large, particularly 
for the wings and fuselage. Except for compensating effects, 
these corrections would render prediction of full scale icerform- 
anco from miOdcl tests in atmospheric tunnels difficult. Fortu- 
nately, the aerodynamic effects of omitting the propeller and of 
m.aking the model surface as smooth as possible, two further de- 
partures from geometric similitude between model and full scale 
that add consideiably to the accuracy -nd economy of m.odel tests, 
combine to cancel the scale effects of the major parts. Experi- 
ment on both full scale and model, thus s ir.pl if ied, has shown 
that the mutual effect of the propeller and fuselage, the effects 
of the slip stream, the difference in the surface roughness of 
the airplane and its model and the scale effects of the major 
parts consistently disappear from the performance by m.utual nul- 
lification when the model and full flight performances are com- 
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pared. It is rarely tbat any individual item of performance^ 
such as landing speed, maximum speed, climb or stability, is found 
to be effected by thesu correcticns be^^ond the precision of the 
full flight tests. 

In practice, therefore, airplane ^;;ind tunnel models for 
tests in atm.osphoric tunnels are cOxnposed of the mutually inter- 
fering parts except the propeller, in their correct relative po- 
sitions but trussed together with substitute struts whose effects^ 
on the forces and m.omonts of the rest of the model, called the 
"remnant'^ or "residual" model, can be determined a.nd deducted. 
In practice such struts are made as siriple as possible, usua^lly 
they are of 3/32" diameter cylindrical brass wire, cross braced 
along the wind where necessary for riQ:idity, and located with- 
out reference to the design strut positions or attitudes. Their 
effect is determined fiom tv;o tests, one made with the model 
fitted with duplicate or dvji^my struts, the other made without 
them. The dummies are spaced about ten diameters to one side of 
the permanent ones, at the same altitude to the wind and in mod- 
el positions as nearly similar^ as possible. The difference in 
the forces and m.oments of the tv/o tests is taken as the strut 
effect. The forces and moments of the single strut test minus 
the strut effect gives the forces and m.oments on the remnant 
m.odel. 

The forces and moments of the double-strut model, single- 
strut model and the residual 'model (Fig. 1) are given in Columns 



K.A.C-A. Toclmical Note No. 254 6 

1^ 2 and 4^ respectively^ of Ta'ole I. Column 3 gives the strut 
ef f ect . 

Tv/o ways are open for obtaining the forces and moments on 
the complete airplane at full scale from the forces and moments 
on its remnant models and the forces and moments of the various 
omitted parts determined separately. The forces and moments on 
the remnant model may be sealed up to full scale VI according 
to the square of the speed and the square or cube of the scale, 
respectively, and those of the omitted parts at that VI added, 
or the forces and moments of the omitted parts may be scaled 
down according to the square of the speed and the square or cube 
of the sc^.le, added to those of the remna.nt model and the sum. of 
the forces r.nd moments scaled up to full scale according to the 
same law- The former is better theor-y since it is more direct 
and avoids use of fictitious values for the forces and moments o 
the omitted parts, but the latter is better practice since it 
ma-hes the model VI the standard for both test and perform.ance 
calculation, and thus a.voids a second standard VI at full 
scale from which to compute performance. The latter method, how 
ever, lias the theoretical objection of using, at model VI, 
values for the forces and moments of the omitted parts which do 
not obtain at that VI. This method is the standard one at the 
Navy Aerodynamic La.boratory. 

In the case of the airplane model (Fig. l), the parts omit- 
ted in the wind tunnel model ha.d a total resistance full scale 
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a.t 70 miles per liour of 44.6 pounds and together v/ith their dis- 
tribution in the vertical plane, the line of action 1.69 feet 
below the design centroid. The scale of the model is l/l6. 
Hence the om.itted parts resistance reduced according to the square 
of the scale and speed to l/l6 full scale and to 40 miles per 
hour, the standard test speed is (44.6) (fo/ ^ '^^^ 

poundi. The line of action on the model is (]^} (1.69^) = 1.27 
inches below the design centroid and 5.96 inches above the axis 
about which the pitching m.oments on the m.odel were measured- The 
resistance of the omitted parts, therefore, exerts a positive 
pitching moment about this axis, which is (5.96) (.058) = +.346 
pound-inch. These values for the omitted parts resistance and 
pitching mom.ent are entered in col^jmn 5. Finally, column 6, un- 
der the heading "Complete full scale craft at model VI" contains 
the forces and moments about the pitching mom.ent axis of the 
remnant model plus those of the omitted parts, reduced. IVhen 
these values of force and m.oment, the latter now referred to the 
design centroid, are si^aled up to full flight VI according to 
the square of the speed and the square or cube of the scale, the 
forces and moments of the airplane model (Fig. l) are obtained. 

In such engineering tests on airplane m.odels, as this on 
model. Figure 1, no correction is mde to the yawing moments for 
strut effect or for omitted parts. The a.ssumption that the yaw- 
ing m.oment s, for small angles of yaw, are unaffected by any kind 
of pure resistance riem;bers, such as struts or truss wires which 
are placed sy:?.m. etricall^^ on either side of the model plane of 
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syrnnetry, has been considered as justified^ particularly since 
the only yawinpc moment data that requires high accuracy is that 
near zero yawo Similarly pure resistance parts, which exert 
onl^r drOog forces, can not enter the rolling monent v/hcse axis is 
along the Find, and can enter rolling monents whoso Q.xes are 
pitched to the wind only to the order of the sine of the angle 
of pitch times the drag moment arising from the asymn'^etry of 
flo\7 pa.st these parts car red by the ailerons. This is a second 
order effect and therefore negligible. Both rolling and yawing 
moments, as measured on xhe model rdth round struts, are there- 
fore considered valid as rolling and yawing moments on the full 
scnie design ^vhen scialed up accoiding to the square of the 
speed and the cube of the scalOo 
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MLE I. 



Prolii^ninary Tests on Airplane Kodel , Design No. 43, Fi^rure 1. 
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* Lift m pounds. 
** Drag in pounds. 
*** Pitching moment in pound- inches about test axis- 
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TABLE I (Cont.) 



Preliminary Tests on Airplane Model, Design No. 45, Fiprure 1. 
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* Lift in pounds. 
** Drag in pounds- 
*** Pitching moment in pound- inches about test axis* 



